Introductory.-The diffusion method for separating the hydrogen isotopes suggested by Hertz' deals with the molecules H'HI and HIHI" which have a mass ratio of 1.5. Any process dealing with the separate atoms should be much more efficient since the mass ratio would be 2. An example of such a process is the diffusion of hydrogen through palladium.
In such diffusion processes in solids, it is known2 that generally an exponential factor occurs in which there enters a work function that may well be different from HI than for HI" due to the difference in zero point energy of the hydrogen atoms in the palladium lattice; this exponential factor would thus also favor the preferential diffusion of the lighter isotope. It is not possible to make any quantitative predictions about the importance of this factor. Furthermore, depending on the experimental conditions, the speed of the process may be determined by either the rate of diffusion in the solid or the transition gas-solid and solid-gas transition.
Although we do not anticipate that the method suggested here will compete with the electrolytic method of concentration3 yet an investigation of it seems of considerable theoretical importance especially with regard to the mechanism of diffusion in solids. In special cases, of course, the method might prove useful to obtain in a single step a rather large increase in concentration of the heavier isotope in a small sample of hydrogen.
Theoretical Considerations.-A rough estimate of the concentration to be expected has been made under the following simplifying assumptions:
1. The concentration of migration H atoms (or ions) in palladium, in equilibrium with the H2 gas, is proportional to the square root of the pressure.
2. The ratio of concentration of the isotopes in Pd is the same as in the gas.
3. If the gas at the low pressure side of the Pd is pumped off with a fast high vacuum pump, the rate of diffusion is proportional to the H concentration on the high pressure side, i.e., to the square root of the pressure. Let the velocity constants for HI and HI" be k' and k"l (our reasoning holds for both cases: speed determined by diffusion process or by transition solid-gas), respectively. With these assumptions it can be shown that P _I I-kll PfOT PII LPoJ where the subscripts f and o refer to the final and initial states, respectively, and the superscripts refer to the masses of the isotopes. If we put kll 0.7, the inverse ratio of the square roots of the masses, and make pf = 1 total (i.e., consider we pump an amount of hydrogen consisting mainly of the lighter isotopes through a heated palladium tube down to 1/100 of its original pressure) then Pi and Pi I PIO 100 p0,1 25' Thus, the relative increase of concentration of the heavier isotope in the remaining gas is four times. The above calculation has been made omitting the exponential factor mentioned above. If this factor is of importance the enrichment should be greater. Our experiments seem to indicate that such is the case since the relative increase in concentration is about ten times. This fact suggests that the increase might be still further improved by working at a lower temperature.
Experimental.-The apparatus used was very simple in principle. i About 30 liters of hydrogen were contained in five bulbs arranged in such a way as to allow free circulation of the hydrogen through the system by means of convection. This was done to prevent a localized concentration of the isotopes around the palladium tube. The hydrogen used was obtained by passing water vapor over heated iron; the water was a sample from the Laboratory's supply of "electrolyzed water" and contained about 1 part in 1000 of the heavier isotope.
In this preliminary experiment a single palladium tube heated electrically to a temperature below 400°C. was used. The efficiency of the process may be improved by pumping in stages through several palladium tubes.
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